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CONSTRUCTION METHOD OF system is limited ; and the second type is to compensate the 
MODE - DIVISION MULTIPLEXING crosstalk among the modes caused by non - orthogonality 

FIBER - OPTIC COMMUNICATION SYSTEM between the OAM modes by using a multi - input multi 
AND A CONSTRUCTED FIBER - OPTIC output equalized digital signal processing at a receiving end . 

COMMUNICATION SYSTEM 5 However , similar to the few - mode optical fiber , as the 
system capacity and transmission modes increase , the com 

CROSS - REFERENCE TO RELATED plexity of the multiple - input multiple - output equalization 
APPLICATION will also increase . 

20 

This application is a 371 application of the international 10 SUMMARY OF THE INVENTION 
PCT application serial no . PCT / CN2017 / 084815 , filed on 
May 18 , 2017 , which claims the priority benefit of China In order to solve a deficiency that the complexity of a 
application no . 201710293411.8 , filed on Apr. 28 , 2017. The multiple - input multiple - output algorithm in a communica 
entirety of each of the abovementioned patent applications is tion system provided by above prior art increases with the 
hereby incorporated by reference herein and made a part of 15 number of mode channels , the present invention provides a 
this specification . construction method of a mode - division multiplexing fiber 

optic communication system . 
BACKGROUND In order to achieve the above object , an adopted technical 

solution of the present invention is as follows : 
Technical Field a construction method of a mode - division multiplexing 

fiber - optic communication system includes following con 
The present invention relates to the field of fiber - optic tents : 

communication , and more specifically , relates a construc- converting multiple - input optical signals into optical 
tion method of a mode - division multiplexing fiber - optic propagation modes supported by a graded - index ring - core 
communication system and a constructed fiber - optic com- 25 optical fiber at a transmitting end , after being multiplexed by 
munication system . a mode multiplexer , injecting the optical signal into the 

graded - index ring - core optical fiber for transmission ; 
Description of Related Art using a mode de multiplexer to separate different mode 

groups at a receiving end , then transmitting mode optical 
In recent years , a mode - division multiplexing technology 30 signals in each mode group to corresponding mode convert 

based on a multimode optical fiber has received widespread ers to be converted into Gaussian mode optical signals 
attentions , as it can further improve the spectral efficiency . capable of supporting a single - mode optical fiber transmis 
However , the complexity of a multiple - input multiple - out- sion which are then detected and received by coherent 
put equalization algorithm used in such systems has become optical receivers to extract corresponding complex electrical 
a major factor in limiting system expansion . As with an 35 signals ; 
expansion of system capacity , the number of multiplexing for a 2 - way complex optical signal output after a base 
mode groups increases , and the multiple - input multiple- mode group or a zero - order mode groups is received by the 
output algorithm with greater complexity is needed to equal- coherent optical receiver , using a digital signal processing 
ize the crosstalk among the modes of the same mode group . algorithm including a 2x2 multiple - input multiple - output 
In recent years , a mode - division multiplexing system based 40 equalization for recovery processing ; and 
on a weak coupling few - mode optical fiber is proposed to for a 4 - way complex optical signal output after a high 
reduce the complexity of the multiple - input multiple - output order mode group or a non - zero - order mode group is 
algorithm in the system . Only a 2x2 or 4x4 multiple - input received by the coherent optical receiver , using a digital 
multiple - output algorithm is required in these solutions to signal processing algorithm including a 4x4 multiple - input 
equalize the crosstalk among internal linear polarization 45 multiple - output equalization for recovery processing . In the 
( LP ) modes in the same mode group ; but as with the above - described solution , when the construction method of 
expansion of system capacity and the increase of the number the communication system provided by the present inven 
of mode groups , for higher order mode groups such as LP41 tion expands a communication capacity , the receiving end 
and LP32 , each mode group contains more than four degen- only needs to add the digital signal processing module of the 
erate modes , and it is difficult to equalize the crosstalk 50 digital signal processing algorithm including the 4x4 mul 
among internal modes by using the 4x4 multiple - input tiple - input multiple - output equalization besides adding the 
multiple - output algorithm . corresponding mode converter and coherent optical receiver , 

At the same time , a mode - division multiplexing commu- so the complexity of the multiple - input multiple - output 
nication system based on orbital angular momentum ( OAM ) algorithm of the communication system will not increase 
has drawn many attentions because it has an infinite number 55 with the capacity expansion . 
of mutual orthogonal eigenmodes in principle . In recent Compared with the prior art , the beneficial effects of the 
years , the mode - division multiplexing fiber - optic commu- present invention are as follows : 
nication system based on OAM has been reported one after the present invention utilizes characteristics that an iso 
another , and the adopted multiplexing methods are mainly lation among the graded - index ring - core optical fiber mode 
divided into two types : the first type is trying to maintain 60 groups is high and the mode degenerates in the mode group , 
orthogonality among all OAM modes , and thus a multiplex- and except for the base modes ( including two modes ) , the 
ing and a de - multiplexing of all modes are physically number of modes in other mode groups are four , and an 
implemented by a mode de multiplexer . Due to such meth- internal mode separation of the mode groups only requires 
ods are affected by factors such as system defect and a 2x2 or a 4x4 multiple - input multiple - output equalization , 
instability of transmission environment , the orthogonality 65 which reduces the complexity of the digital signal process 
among the OAM modes in a long - distance transmission is ing algorithm . In addition , when increasing the number of 
difficult to guarantee , and thus a transmission distance of the transmission mode groups to expand the communication 
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capacity , only the digital signal processing module of the In a detailed implementation , as shown in FIG . 2 , the 
digital signal processing algorithm based on the 4x4 mul- digital signal processing algorithm including the 2x2 mul 
tiple - input multiple - output equalization needs to be added , tiple - input multiple - output equalization comprised steps as 
and it has relatively high scalability . The method provided follows : de - resampling and in - phase and quadrature ( IQ ) 
by present invention avoids a problem that the complexity of 5 imbalance compensation , chromatic dispersion compensa 
the multiple - input multiple - output algorithm increases with tion , timing phase recovery , 2x2 multiple - input and mul 
the number of mode channels , and it has the characteristics tiple - output self - adaptive equalization , frequency offset esti 
of low complexity , high expansibility , and can be used to mation and compensation , carrier phase recovery , forward 
upgrade based on the existing commercial optical commu- error correction , and signal demodulation and decision . 
nication technologies . In a detailed implementation , as shown in FIG . 3 , the 

digital signal processing algorithm including the 4x4 mul 
BRIEF DESCRIPTION OF THE DRAWINGS tiple - input multiple - output equalization comprised steps as 

follows : de - resampling and IQ imbalance compensation , 
FIG . 1 is a schematic diagram of construction of a system . chromatic dispersion compensation , timing phase recovery , 
FIG . 2 is a schematic diagram containing a 2x2 multiple- 15 4x4 multiple - input and multiple - output self - adaptive equal 

input multiple - output equalization digital signal processing ization , frequency offset estimation and compensation , car 
algorithm / a 2x2 digital signal processing module . rier phase recovery , forward error correction , and signal 

FIG . 3 is a schematic diagram containing a 4x4 multiple demodulation and decision . 
input multiple - output equalization digital signal processing In a detailed implementation , according to differences in 
algorithm / a 4x4 digital signal processing module . 20 a specific network environment and an optical fiber trans 

mission distance , the digital signal processing algorithm 
DETAILED DESCRIPTION OF THE including the 2x2 or 4x4 multiple - input multiple - output 

EMBODIMENTS equalization is any one of a time - domain blind equalization 
algorithm , a frequency - domain blind equalization algorithm , 

The accompanying drawings are only for the purpose of 25 a mixed time - domain and frequency - domain blind equaliza 
illustration and are not to be construed as limiting the present tion algorithm , and a frequency domain equalization algo 
invention ; rithm based on a training sequence . According to a differ 

The present invention is further described below in com- ence in a modulation format of a specific transmission 
bination with the accompanying drawings and embodi- signal , the digital signal processing algorithm including the 
ments . 30 2x2 or 4x4 multiple - input multiple - output equalization is 

any one of a constant modulus algorithm , a cascade multi 
Embodiment 1 mode algorithm , a radius guidance algorithm , or a least 

mean square algorithm . 
An orbital angular momentum ( OAM ) mode - division 

multiplexing fiber - optic communication is taken as an 35 Embodiment 2 
example , as shown in FIG . 1. The present invention provides 
a construction method of a mode - division multiplexing An orbital angular momentum ( OAM ) mode - division 
optical fiber communication system , which includes follow- multiplexing fiber - optic communication is taken as 
ing contents : example . The present embodiment provides a system apply 

multiple - input optical signals are converted into optical 40 ing the method in Embodiment 1. As shown in FIG . 1 , a 
propagation modes supported by a graded - index ring - core specific solution is as follows : 
optical fiber at a transmitting end , after being multiplexed by the system includes a mode multiplexer , a graded - index 
a mode multiplexer , the optical signals are injected into the ring - core optical fiber , a mode de multiplexer , ( 2n + 1 ) mode 
graded - index ring - core optical fiber for transmission ; converters B , ( 2n + 1 ) coherent optical receivers , a 2x2 digital 

a mode de - multiplexer is used to separate different mode 45 signal processing module and a 4x4 digital signal processing 
groups at a receiving end , then mode optical signals in each module ; and n is the number of high - order mode groups or 
mode group are transmitted to corresponding mode convert- non - zero - order mode groups ; 
ers to be converted into Gaussian mode optical signals wherein an output end of the mode multiplexer is con 
capable of supporting a single - mode optical fiber transmis- nected with an input end of the graded - index ring - core 
sion which are then detected and received by coherent 50 optical fiber , an output end of the graded - index ring - core 
optical receivers to extract corresponding complex electrical optical fiber is connected with an input end of the mode 
signals ; de - multiplexer , an output end of the mode de multiplexer is 

for a 2 - way complex optical signal output after a base connected with input ends of the ( 2n + 1 ) mode converters B 
mode group or a zero - order mode group is received by the respectively , output ends of the ( 2n + 1 ) mode converters B 
coherent optical receiver , a digital signal processing algo- 55 are connected with second input ends of the ( 2n + 1 ) coherent 
rithm including a 2x2 multiple - input multiple - output equal- optical receivers respectively , first input ends of the ( 2n + 1 ) 
ization is used for recovery processing ; and coherent optical receivers are connected with a local oscil 

for a 4 - way complex optical signal output after a high- lator , output ends of the ( 2n + 1 ) coherent optical receivers are 
order mode group or non - zero - order mode group is received connected with the 2x2 digital signal processing module or 
by the coherent optical receiver , a digital signal processing 60 the 4x4 digital signal processing module . 
algorithm including a 4x4 multiple - input multiple - output In particular , a working process of the above system is as 
equalization is used for recovery processing . follows : multiple - input optical signals are converted into 

In particular , the modes included among the mode group optical propagation modes supported by a graded - index 
that are injected into the graded - index ring - core optical fiber ring - core optical fiber and after being multiplexed by a mode 
or received at the receiving end are any one of orbital 65 multiplexer , the optical signals are injected into the graded 
angular momentum modes , linear polarization modes or index ring - core optical fiber for transmission ; at a receiving 
graded - index ring - core optical fiber eigenmodes . end , a mode de - multiplexer is used to separate the received 

an 
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signals into ( 2n + 1 ) different mode groups . After that , the exhaustiveness for all the implementations to be illustrated 
modes in the ( 2n + 1 ) different mode groups are transmitted herein . Any modification , equivalent replacement and 
respectively to the ( 2n + 1 ) mode converters B to be con- improvement made within the spirit and principle of the 
verted into Gaussian mode optical signals capable of sup- present invention should be included in the scope of pro 
porting a single - mode optical fiber transmission which are 5 tection of the present invention . 
then received by the ( 2n + 1 ) coherent optical receivers , the What is claimed is : 
( 2n + 1 ) coherent optical receivers extracted corresponding 1. A construction method of a mode - division multiplexing 
complex electrical signals . For a 2 - way complex optical fiber - optic communication system , the construction method 
signal output after a zero - order mode group is received by comprises following contents : 
the coherent optical receiver , a digital signal processing 10 converting multiple - input optical signals into orbital 
algorithm including a 2x2 multiple - input multiple - output angular momentum ( OAM ) modes at a transmitting 
equalization is used for recovery processing ; and for a 4 - way end , after being multiplexed by an OAM mode multi 
complex optical signal output after a non - zero - order mode plexer , injecting the optical signals into a graded - index 
group is received by the coherent optical receiver , a digital ring - core optical fiber for transmission ; 
signal processing algorithm including a 4x4 multiple - input 15 using an OAM mode de - multiplexer to separate at least 
multiple - output equalization is used for recovery processing . two different mode groups at a receiving end , then 

In a detailed implementation , as shown in FIG . 1 , the transmitting the optical signals in each mode group to 
optical communication system further included ( 2n + 1 ) corresponding OAM mode converters to be converted 
mode converters A and ( 2n + 1 ) polarization division multi- into Gaussian mode optical signals capable of support 
plexing optical transmitters , wherein output ends of the 20 ing a single - mode optical fiber transmission which are 
( 2n + 1 ) polarization division multiplexing optical transmit- then detected and received by coherent optical receiv 
ters are connected to input ends of the ( 2n + 1 ) mode con ers to extract corresponding complex electrical signal , 
verters A respectively , and output ends of the ( 2n + 1 ) mode wherein the at least two different mode groups com 
converters A are connected to an input end of the mode prises at least two high - order OAM mode groups ; 
multiplexer . for a 2 - way complex optical signal output after a base 

In particular , the ( 2n + 1 ) polarization division multiplex- mode group or a zero - order mode group is received by 
ing optical transmitters are used to generate the multiple- the coherent optical receiver , using a digital signal 
input optical signal , and the ( 2n + 1 ) mode converters A are processing algorithm including a 2x2 multiple - input 
used to convert the multiple - input optical signal into the multiple - output equalization for recovery processing ; 
optical propagation mode supported by the index - graded 30 and 
ring - core optical fiber . for a 4 - way complex optical signal output after a high 

In a detailed implementation , as shown in FIG . 1 , the order mode group or a non - zero - order mode group is 
number of the 2x2 digital signal processing modules ( DSP- received by the coherent optical receiver , using a digital 
0 ) is one , and the number of the 4x4 digital signal processing signal processing algorithm including a 4x4 multiple 
modules ( DSP - L ) is n ; wherein an input end of the 2x2 35 input multiple - output equalization for recovery pro 
digital signal processing module is connected with the cessing , 
output end of the coherent optical receiver corresponding to wherein there are two modes consisting of zero - order 
the zero - order mode group ; and an input end of one 4x4 OAM modes ( OAM , modes ) with two orthogonal 
digital signal processing module is connected to the output polarizations in the base mode group or zero - order 
end of coherent optical receiver corresponding to two non- 40 mode group , and 
zero - order modes having the same absolute value of order . wherein there are only four modes consisting of OAM + n 

In a detailed implementation , as shown in FIG . 2 , the 2x2 modes with the two orthogonal polarizations and 
digital signal processing module ( DSP - 0 ) included a resa- OAM_ ,, modes with the two orthogonal polarizations in 
mpling and IQ imbalance compensation sub - module , a each high - order mode group or non - zero - order mode 
chromatic dispersion compensation sub - module , a timing 45 group , where n is an integer more than zero and 
phase recovery sub - module , a 2x2 multiple input multiple represents the mode - group order , 
output self - adaptive equalization sub - module , a frequency wherein the fiber optic communication system further 
offset estimation and compensation sub - module , a carrier comprising : 
phase recovery sub - module , and a forward error correction the orbital angular momentum ( OAM ) mode multiplexer , 
and demodulation and decision sub - module , which are con- 50 the graded - index ring - core optical fiber , the OAM 
nected in turn . mode de - multiplexer , ( 2n + 1 ) first OAM mode convert 

In a detailed implementation , as shown in FIG . 3 , the 4x4 ers , ( 2n + 1 ) coherent optical receivers , a 2x2 digital 
digital signal processing module ( DSP - L ) included a resa- signal processing module and a 4x4 digital signal 
mpling and IQ imbalance compensation sub - module , a processing module ; n is the number of high - order mode 
chromatic dispersion compensation sub - module , a timing 55 groups or non - zero - order mode groups , wherein an 
phase recovery sub - module , a 4x4 multiple input multiple output end of the OAM mode multiplexer is connected 
output self - adaptive equalization sub - module , a frequency with an input end of the graded - index ring - core optical 
offset estimation and compensation sub - module , a carrier fiber , an output end of the graded - index ring - core 
phase recovery sub - module , and a forward error correction optical fiber is connected with an input end of the OAM 
and demodulation and decision sub - module , which are con- 60 mode de multiplexer , an output end of the OAM mode 
nected in turn . de - multiplexer is connected with input ends of the 

Obviously , the above embodiments of the present inven- ( 2n + 1 ) first OAM mode converters respectively , output 
tion are merely examples for clearly illustrating the present ends of the ( 2n + 1 ) first OAM mode converters are 
invention , and are not intended to limit the implementations connected with second input ends of the ( 2n + 1 ) coher 
of the present invention . For those of ordinary skill in the art , 65 ent optical receivers respectively , first input ends of the 
other different forms of changes or modifications may also ( 2n + 1 ) coherent optical receivers are connected with a 
be made based on the above description . There is no need or local oscillator , output ends of the ( 2n + 1 ) coherent 
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optical receivers are connected with the 2x2 digital constant modulus algorithm , a cascade multi - mode algo 
signal processing module or the 4x4 digital signal rithm , a radius guidance algorithm , or a least mean square 
processing module , algorithm . 

wherein the optical communication system further 5. The fiber - optic communication system according to 
includes ( 2n + 1 ) polarization division multiplexing 5 claim 1 , wherein the number of the 2x2 digital signal 
optical transmitters , wherein output ends of the ( 2n + 1 ) processing modules is one , the number of the 4x4 digital polarization division multiplexing optical transmitters signal processing modules is n ; wherein an input end of the are connected to an input end of the OAM mode 2x2 digital signal processing module is connected with the multiplexer . output end of the coherent optical receiver corresponding to 2. The construction method of the mode - division multi- 10 a base mode group or a zero - order mode group ; and an input plexing fiber - optic communication system according to 

claim 1 , wherein the digital signal processing algorithm end of one 4x4 digital signal processing module is con 
including the 2x2 multiple - input multiple - output equaliza nected to the output end of the coherent optical receiver 
tion comprises de - resampling and in - phase and quadrature corresponding to one high - order mode group or non - zero 

order mode group . ( IQ ) imbalance compensation , chromatic dispersion com- 15 
pensation , timing phase recovery , 2x2 multiple - input and 6. The fiber - optic communication system according to 
multiple - output self - adaptive equalization , frequency offset claim 1 , wherein the 2x2 digital signal processing module 
estimation and compensation , carrier phase recovery , for includes a resampling and in - phase and quadrature ( IQ ) 
ward error correction , and signal demodulation and decision . imbalance compensation sub - module , a chromatic disper 

3. The construction method of the mode - division multi- 20 sion compensation sub - module , a timing phase recovery 
plexing fiber - optic communication system according to sub - module , a 2x2 multiple input multiple output self 
claim 1 , wherein the digital signal processing algorithm adaptive equalization sub - module , a frequency offset esti 
including the 4x4 multiple - input multiple - output equaliza mation and compensation sub - module , a carrier phase 
tion comprises de - resampling and in - phase and quadrature recovery sub - module , and a forward error correction and 
( IQ ) imbalance compensation , chromatic dispersion com- 25 demodulation and decision sub - module , which are con nected in turn . pensation , timing phase recovery , 4x4 multiple - input and 
multiple - output self - adaptive equalization , frequency offset 7. The fiber - optic communication system according to 
estimation and compensation , carrier phase recovery , for claim 1 , wherein the 4x4 digital signal processing module 
ward error correction , and signal demodulation and decision . includes a resampling and in - phase and quadrature ( IQ ) 

4. The construction method of the mode - division multi- 30 imbalance compensation sub - module , a chromatic disper 
plexing fiber - optic communication system according to sion compensation sub - module , a timing phase recovery 
claim 1 , wherein according to differences in a specific sub - module , a 4x4 multiple input multiple output self 
network environment and an optical fiber transmission dis adaptive equalization sub - module , a frequency offset esti 
tance , the digital signal processing algorithm including the mation and compensation sub - module , a carrier phase 
2x2 or 4x4 multiple - input multiple - output equalization is 35 recovery sub - module , and a forward error correction and demodulation and decision sub - module , which are con any one of a time - domain blind equalization algorithm , a nected in turn . frequency - domain blind equalization algorithm , a mixed 
time - domain and frequency - domain blind equalization algo 8. The construction method of the mode - division multi 
rithm , and a frequency domain equalization algorithm based plexing fiber optic communication system according to 
on a training sequence ; and according to a difference in a 40 claim 1 , wherein the four modes included in each high - order 
modulation format of a specific transmission signal , the mode group is highly degenerate to keep low differential 
digital signal processing algorithm including the 2x2 or 4x4 mode delay in long - distance fiber transmission . 
multiple - input multiple - output equalization is any one of a 


